Abstract. S-1 is a new oral fluoropyrimidine derivative designed to enhance anticancer activity and reduce gastrointestinal toxicity. This phase II trial aimed to evaluate S-1 in patients with relapsed small cell lung cancer (SCLC). SCLC patients who had experienced treatment failure with ≥1 prior chemotherapies were eligible. Patients were required to have an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0-2 and adequate organ function. Treatment consisted of oral S-1 at 40 mg/m 2 twice/day for 28 days every 6 weeks. Twenty-six patients were enrolled, 85% of whom were males. The median age was 68 years (range, 33-79) and 81% of the patients had a performance status of 0-1, and 46% of the patients had relapse-sensitive SCLC. An objective response was obtained in only 1 patient (3.8%), and the median progression-free survival (PFS) was 1.1 months. The median overall survival was 5.3 months, and the 1-year survival rate was 23%. The most common grade 3/4 toxicities included neutropenia (7.7%), leukopenia (7.7%), anemia (7.7%), hyponatremia (7.7%), rash (7.7%), infection (7.7%) and diarrhoea (3.8%). None of the patients developed febrile neutropenia and no deaths were attributed to treatment. In conclusion, S-1 has minimal single-agent activity in relapsed SCLC.
Introduction
Lung cancer is the leading cause of mortality in Japan, and small cell lung cancer (SCLC) accounts for 15-20% of all the types of lung cancer (1) . Although SCLC is an extremely chemosensitive disease, it is ultimately fatal in the majority of patients. Several anticancer agents tested over the last three decades have demonstrated some activity, but there have been only minimal improvements in the treatment of extensive SCLC (2) .
Based on the findings of a randomized trial comparing topotecan with cyclophosphamide, doxorubicin and vincristine in patients with relapse-sensitive SCLC, topotecan was considered to be a standard treatment in the second-line setting (3) . However, the response rate ranged from 7 to 21%, with a median survival time of only 6 months (3). Therefore, additional options are needed for patients with relapsed SCLC.
S-1 is a novel oral fluoropyrimidine anticancer agent designed to enhance anticancer activity and reduce gastrointestinal toxicity. It is a combination of an oral fluoropyrimidine (tegafur), a dihydropyrimidine dehydrogenase (DPD) inhibitor (5-chloro-2,4-dihydroxypyridine), and an orotate phosphoribosyl transferase inhibitor (potassium oxonate) (4). Although 5-fluorouracil (5-FU) was thought to be inactive against non-small cell lung cancer (NSCLC) and SCLC (5,6), single-agent S-1 has been shown to provide one of the highest response rates against metastatic NSCLC and previously treated NSCLC (7) . In addition, the combination of S-1 and cisplatin or carboplatin has been evaluated in Japanese phase III studies. The results of a phase III trial demonstrated the non-inferiority of carboplatin/S-1 compared to carboplatin/paclitaxel in terms of overall survival time (OS) (8) . Most of the agents that are active against NSCLC have been tested and have also exhibited activity against SCLC. However, the activity of S-1 against SCLC has not been determined. Therefore, this study aimed to examine the activity of S-1 in patients with relapsed SCLC.
Materials and methods
Study subject criteria. Eligible patients had histologically or cytologically confirmed SCLC. The patients were ≥20 years, had measurable disease, an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0-2, and adequate bone marrow, kidney and liver functions. Patients were required to have received at least 1 prior chemotherapy regimen (including 1 regimen containing a platinum agent). Relapse-refractory and -sensitive patients were eligible. Patients who had undergone radiation therapy were required to have had their last treatment at least 14 days prior to registration in the protocol.
Patients were excluded due to symptomatic central nervous system metastasis, uncontrolled pleural effusion, pregnancy or lactation, the use of phenytoin, warfarin or flucytosine, or medical problems of marked severity. Patients previously treated with S-1 were not eligible. The treatment protocol was approved by the Investigational Review Board of the Cancer Institute Hospital (Tokyo, Japan). Patients provided written informed consent.
Study design and sample size. This study was an open-label, single-institution, phase II study of the single-agent S-1 for patients with previously treated SCLC. Simon's two-stage optimal design was chosen to determine the total number of patients required for this phase II study. A response rate of 25% was set for the target activity level, with 5% as the lowest response rate [objective response rate (ORR)] of interest. The study was designed to have 90% power to accept and 10% significance to reject the hypothesis. The planned sample size was fixed at 26 patients without test power consideration. If >2 responses were observed by the end of the study, further investigation of the drug was considered necessary. Statistical analysis. Intention-to-treat analysis considering the patients was performed. The safety analysis was based on the patients that had received any dose of study treatment. The primary endpoint was best ORR according to the Response Evaluation Criteria in Solid Tumors. Secondary efficacy endpoints were overall survival time (OS), progression-free survival time (PFS) and toxicity profile. OS and PFS were estimated using the Kaplan-Meier method. Toxicities were graded according to the Common Toxicity Criteria version 3.0. Table I . The median age was 68 years (range, 33-79), and 81% of the patients had an ECOG PS of 0-1. The median number of previous chemotherapy treatment regimens was 2 (range, 1-3) and 54% of the patients received ≥2 regimens. There were 12 relapse-sensitive patients (46%) and 14 relapse-refractory patients (54%).
Results

Patient
Treatment administration. The median number of S-1 cycles administered was 2 (range, 1-5). Twenty patients received 1 cycle due to disease progression (16 patients) or treatment-related toxicities (dermatitis and infection in 2 patients, respectively). No dose delays or modifications were required. The patients were included in the efficacy analyses.
Response and survival. Response to treatment and survival of patients is shown in Table II . Among the relapse-sensitive patients, partial response was achieved in 1 (8.3%) and stable disease in 4 patients (33.3%). Among the relapse-refractory patients, no patient (0%) had a partial response and 6 patients (42.8%) achieved stable disease. Progressive disease as the best response was noted in 7 (58.3%) of the relapse-sensitive patients and in 8 (57.1%) of the relapse-refractory patients. The median time to disease progression was 1.1 months [95% confidence interval (CI), 0.9-1.2 months]. The median overall survival was 5.3 months (95% CI, 2.9-7.7 months), while the 1-year survival rate was 23%.
Toxicity. Treatment-related toxicity is shown in Table III . In general, S-1 was well-tolerated. No patient developed febrile neutropenia or died due to the treatment.
Discussion
This phase II study was the first study to evaluate the activity of single-agent S-1 against relapsed SCLC. However, poor response rates were detected, and the majority of patients had early progressive disease. Single-agent S-1 has minimal activity in patients with previously treated SCLC, including those with a previous chemotherapy-sensitive disease.
Results similar to S-1 have been reported for another agent, pemetrexed. Since several clinical studies on NSCLC demonstrated positive findings, pemetrexed has also been thought to act against NSCLC (9) . The efficacy of pemetrexed against SCLC has been examined in several studies (10) (11) (12) . However, the results of those studies have been negative.
S-1 and pemetrexed have common characteristics. The primary cytotoxic mechanism of both S-1 and pemetrexed is the inhibition of thymidylate synthase (TS) (13, 14) . Recent clinical trials have demonstrated that pemetrexed efficacy varied according to the histologic types of lung cancer (9, 11, 12) .
A possible explanation may involve TS expression levels in different histologic types of lung cancer, since preclinical data have shown that overexpression of TS correlates with reduced sensitivity to pemetrexed and 5-FU derivatives (15, 16) . The baseline expression of TS is markedly higher in squamous cell carcinoma compared to adenocarcinoma (15, 16 ). In addition, Relapse-sensitive cases, n (%) 12 (46) Relapse-refractory cases, n (%) 14 (54) TS expression in neuroendocrine tumors has been examined, and higher TS expression was observed in SCLC and large cell neuroendocrine carcinoma compared to other types of lung cancer (17, 18) . However, in contrast with pemetrexed, findings of phase II and III trials of S-1 against NSCLC did not demonstrate any obvious differences in the efficacy of S-1 against squamous and non-squamous NSCLC (7) .
The reason for this discrepancy between pemetrexed and S-1 is unclear. S-1 may be able to inhibit higher levels of TS compared to pemetrexed. However, TS activity in SCLC may be considerably higher than S-1 can inhibit, since expression of TS in SCLC was shown to be markedly higher compared to TS expression in squamous cell carcinoma (17) .
In addition, DPD inhibition may play an important role in NSCLC compared to SCLC. Several studies have demonstrated that 5-FU sensitivity is affected by DPD expression, which is an enzyme in NSCLC affecting 5-FU catabolism (19) (20) (21) (22) .
In conclusion, S-1 monotherapy is well-tolerated but has low activity in patients with relapsed previously treated SCLC patients, including those with a previous chemotherapysensitive disease. Findings of this study have shown that S-1 has minimal single-agent activity in relapsed SCLC. Table II . Response to treatment, time to progression and overall survival of patients. Table III . Haematological and non-haematological toxicities. 
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